Segmented filamentous bacteria (SFBs) are apathogenic autochthonous bacteria in the murine small intestine that preferentially attach to Peyer's patch epithelium. SFBs have never been cultured in vitro. We have studied the effects of SFBs on the immune system of the host. Mice monoassociated with SFBs were compared with germ-free mice and with mice without SFBs but with a specific-pathogen-free (SPF) gut flora. SFBs versus no microbial flora raised the number of lymphoid cells in the lamina propria of the ileal and cecal mucosa, raised the number of immunoglobulin A (IgA)-secreting cells in the intestinal mucosa, produced elevated IgA titers in serum and intestinal secretions, and enhanced the concanavalin A-induced proliferative responses of mesenteric lymph node cells. The SPF flora had effects similar to but less pronounced than those mediated by SFBs. The results indicate that SFBs stimulate the mucosal immune system to a greater extent than do other autochthonous gut bacteria.
SFBs. The results indicate that SFBs stimulate the mucosal immune system to a greater extent than do other autochthonous gut bacteria.
Segmented filamentous bacteria (SFBs) are apathogenic autochthonous bacteria that occur in the distal small bowels of various animal species (8) . SFBs have never been cultured in vitro and thus are not classified taxonomically (8) . Ultrastructural studies have revealed details of the morphology and ecological niches of SFBs in mice and rats (8) . Strikingly, SFBs are preferentially attached to the epithelium that covers the ileal Peyer's patches (8) . Various authors suggested that SFBs competitively exclude pathogens from the distal small intestine, contributing to gastrointestinal colonization resistance (3, 11, 13) . Others hypothesized that SFBs enhance host resistance by influencing gut-associated lymphoid tissue (4, 7) . The two ideas have not yet been put to the test. The autochthonous gut microbiota, or at least components of it, can enhance nonspecific and specific immunity at the systemic and/or the mucosal level. For example, Lactobacillus casei administered per os stimulates nonspecific immunity in mice by increasing the activity of peritoneal macrophages (15) . Dobber et al. (1) suggested that intestinal bacteria are involved in the regulation of peripheral T cells. Development of the intestinal microbiota in mice induced an increase in the number of duodenal immunoglobulin A (IgA) plasma cells, but the bacteria responsible could not be isolated and identified (14) . This suggests that noncultivable bacteria in the digestive tracts of weanling mice are immunogenic. Possibly, these bacteria are SFBs. This paper presents a study of the effects of SFBs on the immune system of their host. The study was greatly facilitated by the availability of SFB-monoassociated mice, which we have produced recently (9) .
MATERIALS AND METHODS
Experimental design. Two separate experiments with identical designs were performed; the interval between the two experiments was 4 months. The two experiments gave * Corresponding author.
essentially the same results. The second experiment is described here. There were three experimental groups, each consisting of 15 mice. The influence of SFBs on the mucosal immune system was studied by comparing germ-free mice and mice monoassociated with SFBs. To assess the specificity of the effects of SFBs, we also studied SFB-free, specific-pathogen-free (SPF) mice. Two weeks after the experimental groups were produced by selective microbial association, the microbial status was checked (9) and various immunological parameters were examined.
Animals. SPF and germ-free Cpb:SE (Swiss) mice bred inhouse were used. They were 6 to 8 weeks old and of both sexes. Microbiological quality of and housing conditions for these mice have been described elsewhere (12) . Mice monoassociated with SFBs were obtained and housed as described elsewhere (9) . To produce mice with an SFB-free SPF flora, SPF mice were given 0.1 mg of ciprofloxacin (Ciproxin; Bayer, Leverkusen, Germany) orally twice a day for three consecutive days. Ciprofloxacin has previously been shown to eliminate SFBs (10) . However, the possibility of ciprofloxacin-induced shifts in bacterial species within various generic groups cannot be excluded.
Three groups of 15 germ-free mice each were housed in germ-free isolators. By analogy with experiments described earlier (9), one group of mice was associated with SFBs by placing in their cages fresh feces derived from mice monoassociated with SFBs. Another group was inoculated with cecal homogenate prepared from SFB-free SPF mice; 0.5 ml of homogenate was given orally twice within 48 h.
All mice received a sterilized, pelleted, commercial diet (SRM-A; Hope Farms BV, Woerden, The Netherlands) and sterilized demineralized water ad libitum.
Microbiological status of mice used. Fecal samples were suspended in saline, and Gram-stained smears were prepared and examined microscopically for the presence of SFBs (9) . Likewise, after four mice per group were killed by cervical dislocation, the presence of SFBs in mucosal smears of the ileum and in cecal contents was checked. The percentage of fusiform-shaped bacteria in Gram-stained smears of cecal contents was determined as described elsewhere (10) . Total bacterial counts of cecal homogenates were obtained as described previously (6) .
Lymphoid cells in lamina propria. From the distal halves of the small bowels and the ceca of two mice per experimental group killed by cervical dislocation, a Swiss roll was made, fixed, and stained as described previously (2) . Light microscopic examination of the slides was used to score the number of lymphoid cells (lymphocytes and/or plasma cells) on a scale from 0 (lymphoid cells essentially absent) to 3 (relatively large number of lymphoid cells).
Immunoglobulin-secreting cells in spleen and small intestine. Five mice per group were killed by carbon dioxide inhalation. Spleens and small intestines were removed. Spleens were placed in Hanks solution, minced with scissors, and squeezed through a nylon gauze filter (100-pm pore size) to obtain a single-cell suspension. Viability was always higher than 90% as determined by nigrosin exclusion. Lamina propria cell suspensions were prepared as described in detail elsewhere (19) . Viability of the isolated cell suspension was about 50%.
The modified protein A plaque-forming cell assay (21) was used to count the number of immunoglobulin-secreting cells (Ig-SC). Plaques were read after slides had been incubated for 4 h at 37°C. Commercially available rabbit anti-mouse immunoglobulin M (IgM) and IgA antisera (Nordic, Tilburg, The Netherlands) and rabbit anti-mouse IgG antiserum (Miles, Slough, Berks, United Kingdom) were used. Guinea pig complement (Behringwerke, Marburg-Lahn, Germany) was absorbed by passage over a Sepharose-bound-protein A (Pharmacia, Uppsala, Sweden) column (21) . All antisera were selected on the basis of their specificities, which were determined by enzyme-linked immunosorbent assays (ELISA) performed on microtiter plates coated with purified myeloma IgM, IgG2A, or IgA (Litton Bionetics, Charleston, S.C.) as described previously (20) .
IgA in sera and intestinal secretions. From five mice per group that were killed by exposure to carbon dioxide, blood samples were taken by heart puncture. Intestinal secretions were obtained by a scraping technique described elsewhere (17 
RESULTS
Microbial status of mice used. The experimental mice with SFBs were indeed found to be SFB positive ( Table 1 ). The gut flora of the SFB-negative SPF mice strongly resembled that of the SPF mice used as starting animals (results not shown).
Lymphoid cells in lamina propria. The number of lymphoid cells in the lamina propria of the distal small intestine and the cecum was increased in SFB-positive mice and in SFBnegative SPF mice. The scores (on a scale from 0 to 3) of individual mice were as follows: germ-free mice, 0 and 0 for ileum and 0 and 0 for cecum; SFB-positive mice, 2 and 3 for ileum and 3 and 3 for cecum; SFB-negative SPF mice, 1 and 2 for ileum and 1 and 2 for cecum.
Ig-SC in spleen and small intestine. Total numbers of IgM-, IgG-, and IgA-SC in suspensions of spleen and small intestine are shown in Fig. 1 . Mice that harbored an intestinal flora had significantly higher numbers of intestinal IgA-SC than did germ-free mice, the highest number being observed in mice monoassociated with SFBs. The total numbers of IgM-and IgG-SC in the intestinal mucosa were lower than that of IgA-SC and did not differ significantly between the groups. The relative number of IgA-SC in the small intestine showed the same differences as the total number of cells (results not shown). Thus, the SFB-induced increase of the number of IgA-SC was not caused by a higher recovery of cells per organ. SFBs lowered the relative number of IgM-SC and raised that of IgG-SC in the small intestine (not shown). The latter was also seen with the SFB-negative SPF flora.
IgA in sera and intestinal secretions. Table 2 shows that mice monoassociated with SFBs had significantly higher IgA titers in serum and intestinal secretions than germ-free mice.
This also held true for SPF mice without SFBs versus germ-free mice. 
DISCUSSION
Various observations indicate that SFBs strongly stimulate the mucosal immune compartment. SFBs versus no microbial flora produced a rise in the numbers of IgA-SC in the lamina propria of the small intestine, increased the IgA titers in serum and intestinal secretions, and enhanced the ConAinduced proliferative responses of mesenteric lymph node cells. These findings were supported by increased numbers of lymphoid cells in histological sections of the ilea and ceca of mice monoassociated with SFBs. All stimulatory effects can be considered rather specific for SFBs, because the influence of the SPF flora on these parameters was less pronounced.
Although SFBs clearly stimulated the mucosal immune compartment of selected portions of the gastrointestinal tract, the effect on the systemic immune compartment was equivocal. SFBs raised the serum IgA concentration and the (18) . It is well documented that the intestinal bacterial flora can stimulate the mucosal immune compartment (14, 18) . Moreover, a complex microbial flora has been reported to raise concentrations of serum immunoglobulins in chickens, rats, and mice (5). However, the relative contribution of the various bacterial species or strains is not known. Moreau et al. (14) stated that unknown noncultivable microorganisms are responsible for the attainment of normal levels of IgA-containing cells in the small intestine. We now postulate that these microorganisms are SFBs. Indeed, SFBs possess the characteristics of the unknown bacteria described by Moreau et al. (14) , i.e., noncultivable, heat and bacitracin sensitive, absent in mice before weaning, and present in high numbers shortly after weaning (3, 8) .
